THE INSTITUTION OF ELECTRICAL ENGINEERS 


ee a 


PROCEEDINGS 


of THE INSTITUTION OF ELECTRICAL ENGINEERS 


VOLUME 110 


1963 


Published by 
THE INSTITUTION SrA Vv. OrY PLACE LONDON W C2 


THE INSTITUTION OF ELECTRICAL ENGINEERS 


PATRON: HER MAJESTY THE QUEEN 


COUNCIL 1962-63 


President: C. T. MELLING, C.B.E., M.SC.TECH. 


Past-Presidents 


W. H. ECCLES, D.SC., F.R.S. 

Tue Rr. Hon. THE EARL OF Mount EDGCUMBE, T.D. 
H. T. YOUNG 

Str GEORGE LEE, 0O.B.E., M.C. 

Sir Nog ASHBRIDGE, B.SC.(ENG.) 

P. DUNSHEATH, C.B.E., M.A., D.SC.(ENG.), LL.D. 

Sir VINCENT Z. DE FERRANTI, M.C, 

T. G. N. HALDANE, M.A. 

Str ARCHIBALD J. GILL, B.SC.(ENG.) 

Sir JOHN HACKING 


Vice-Presidents 


B. DONKIN, B.A. 
L. DRUCQUER 
O. W. HUMPHREYS, C.B.E., B.SC. 


Honorary Treasurer: C. E, STRONG, 0.B.E., B.A. 


Ordinary Members of Council 


J. C. ARKLESS, B.SC. 

Sir BEN L. BARNETT, K.B.E., C.B., M.C., M.A. 

D. A. BARRON, C.B.E., M.SC. 

F. H. S. BROWN, C.B.E., B.SC.(ENG.) 

Sir ROBERT COCKBURN, K.B.E., C.B., M.SC., PH.D, 
A. T. CRAWFORD, B.SC. 

D. EDMUNDSON, B.SC.(ENG.) 

B. Z. DE FERRANTI, M.A., M.P. 

G. LYON, M.SC.(ENG.) 

J. S. McCuLLocu 


Cou. B. H. LEESON, C.B.E., T.D. 

Sir HAROLD BISHOP, C.B.E., B.SC.(ENG.), F.C.G.1, 

Sir JOSIAH ECCLES, C.B.E., D.SC. 

Sm W. GorDON RADLEY, K.C.B., C.B.E., PH.D.(ENG.) 

S. E. GOODALL, M.SC.(ENG.), F.Q.M.C. 

Pror. Sir WILLIS JACKSON, D.SC., D.ENG., LL.D,, F.R.S. 

Sir Hamish D. MACLAREN, K.B.E., C.B., D-F.C. 
(and bar), LL.D., B.SC, 

G. S. C. LUCAS, 0.B.E., F.C.G.1. 


Sm ALBERT MUMFORD, K.B.E., B.SC.(ENG.), F.Q.M.C. 
R. L. SMITH-ROSE, C.B.E., D.SC., PH.D., F.C.G.I. 


, BALL 


J. S. MCPETRIE, C.B., PH.D., D.SC, 

Pror. J. M. MEEK, D.ENG. 

G, MILLINGTON, M.A., B.SC. 

Pror. C. W. OATLEY, O.B.E., M.A., M.SC,. 

K. F, SANDER, M.A., PH.D., B.SC. 

N. H. SEARBY, C.B.E., PH.D., B.SC. 

H. G. TAYLOR, D.SC.(ENG.) 

P. L. TAYLOR, M.A. 

H. WEST, M.SC. 

R. C. G. WILLIAMS, PH.D., B.SC.(ENG.), A.C.G.I., D.I.Ce 


Chairmen, Deputy Chairmen, and Acting Past-Chairmen of Divisions and Ordinary Members of 


Divisional Boards 


Electronics Division 
J. A. RATCLIFFE, C.B.E., M.A., F.R.S. 
G. G. GOuRIET 
+R. J. HALSEY, C.M.G., B.SC.(ENG.), F.C.G.1., 
P. A. T. BEVAN, C.B.E., B.SC, 
J. A. SAXTON, D.SC., PH.D. 


D.1.C, 


Power Division 
D. B. IRVING, B.SC. 
C. D. WILKINSON 
tJ. S. FORREST, M.A., D.SC. 
J. M. FERGUSON, B.SC.(ENG.) 
J. E. L. ROBINSON, M.SC. 


Chairmen and Past-Chairmen of local Centres 


East Midland 
O, S. Woops 
}Pror, J. E. PARTON, B.SC., PH.D. 


Mersey and North Wales Centre 
J. A. MASON, C.B.E. 
{R. N. PecG 


North-Eastern 
R. BRUCE, M.SC. 
{P. RicHARDSON 


North Midland 


G. N. PATCHETT, B.SC., PH.D. 
tW. J. A. PAmNTER, A.C.G.1, D.C, 


North-Western 
J. C. JONES 
$C. H. FLURSCHEIM, B.A, 


+ Acting Past-Chairman 


Science and General Division 
D. TAYLOR, M.SC., PH.D. 
J. R. MoRTLOCK, B.SC.(ENG.), PH.D. 
+G. A. V. SOWTER, PH.D., B.SC.(ENG.) 
Pror. M. W. HumPHREY DAvigs, M.SC. 
R. A. LAws, B.Sc. 


Northern Ireland 
_B. W. Cox, M.SC.(ENG.) 
}W. SZWANDER, DIPL.-ING. 


Scottish Centre 


Pror. E. G, CULLWICK, 0.B.E., M.A., D.SC., F.R.S.E. 
£R. B. ANDERSON 


South Midland 


D. _N. TRUSCOTT, 0.B.E., PH.D., 


B.SC.(ENG.), SC.D. 
{C. F. FREEMAN, B.SC.(ENG.) 


Southern 


T. MCGREEVY, M.SC.TECH. 
TP. Guee HarRop, M.B.E., B.E.M. 


Western 
E. N. EvAns 
tT. Gm, B.sc. 


{ Past-Chairman 


Secretary: G. F, GAINSBOROUGH, PH.D., M.LE.E. 


Deputy Secretary; F. JERvis SMITH, M.1.E.E. 


Assistant Secretaries: N, C. STAMFORD, M.SC.TECH., M.LE.E., J. R. SMITH 
Chief Accountant: F. H. Jos, ¥.A.C.C.A., A.C.LS. 


Editor-in-Chief; W. G. ASKEW, M.C., A.I.M. 


Editor, Science Abstracts: B. M. CROWTHER, M.A., PH.D. 


Editor, Proceedings: J. D. St. AUBYN, B.SC. 


BOARDS OF THE DIVISIONS 


ELECTRONICS Divisional Board 


Chairman: J. A. Ratcliffe, C.B.E., M.A., F.R.S. 
Deputy Chairman: G, G. Gouriet 


Vice-Chairmen: R. C. G. hi acs PH.D,, B.SC.(ENG. dy: 


A. J. Young, C.B.E., B.SC.(ENG.) 


Acting Past-Chairmen: W. 8S. Elliott, M.A.; R. J. 
Halsey, C.M.G., B.SC.(ENG.), F.C.G.L, D.C. 


W. Bamford, B.Sc. W. S. Melville, — 
F. S. Barton, C.B.E., B.SC.(ENG.) 

M.A., B.SC. G. Millington, M.A., 
P. A. T. Bevan, C.B.E., B.SC. 

B.SC. J. H. Mitchell, B.sc., 
A. J. Biggs, B.SC., PH.D. PH.D. 
B. W. S. Challans, J. Moir 


MSC ENG.) Bas a L. Pulling, c.B.£., 


G. B. B. Chaplin, M.sc., 
PH.D. ae vee Saxton, D:SC., 
Prof. A, L. Cullen, PH.D. 
O.B.E., PH.D., F, J. D. Taylor, 0.B.£., 
B.SC.(ENG.) B.SC.(ENG.) 
E. V. D. Glazier, B.sCc., T. B. D. Terroni, B.sc., 
PH.D. A.C.G.L, D.I.C. 
W. C. Lister, B.SC. C. Williams, B.SC.(ENG.) 
Ex officio: the President of the Institution; the 


Chairman of the Programme and Publications 


Committee; a representative of each local Centre 


that operates a corresponding specialized Section 


POWER Divisional Board 


Chairman: D. B. Irving, B.sc. 
Deputy Chairman: C. D, Wilkinson 


Vice-Chairmen: C. H. Flurscheim, 
Hollingsworth 


Acting Past-Chairmen: J. S. Forrest, M.A., D.SC., 
H. G. Taylor, D.sc.(ENG.) 

Cc. L. C. Allan, B.A. 

L. D. Anscombe, M.A. 

S. L. M. Barlow 

E. S. Booth, M.ENG. 

J. A. Broughall, 


BASS De aks 


E. R. Laithwaite, M.sc., 
PH.D. 

R. V. Moore, G.C., B.SC. 

R. F. Richardson, M.B.E. 

J. E. L. Robinson, M.sc, 


B.SC.(ENG,) Prof. M. G. Say, PH:D., 
S. J. Emerson, 0.B.£., M.SC., F.R.S.E. 
M.ENG. PS Smith, B.SC.(ENG.) 
J. M. Ferguson, V. J. Vickers, B.SC. 
B.SC.(ENG.) J. M. Waldram, 
C. F. Freeman, , B.SC.(ENG.) 
B.SC.(ENG.) T. W. Wilcox 
Cc. J. O. Garrard, M.sc. 
Ex_officio: the President of the Institution; the 


Chairman of the Programme and Publications 
Committee; a representative of each local Centre 
that operates a corresponding specialized Section 


SCIENCE AND GENERAL Divisional Board 


Chairman: D. Taylor, M.SC., PH.D. 
Deputy Chairman: J. R. Mortlock, B.sc.(ENG.), PH.D, 


Vice-Chairmen: C. G. Garton; Prof. J. M. Meek, 
D.ENG. 


OT ED ee ee 


Acting Past-Chairmen: S. E. Goodall, M.SC.(ENG.), ~ 


F.Q.M.c.; G. A. V. Sowter, PH.D., B.SC.(ENG.) 
Prof. H. E. M. Barlow, C. A. Laws 
PH.D., B.SC.(ENG.), R. A. Laws, B.SC.! 
F.R.S. A. C. Lynch, M.A., B.SC: 


G. S. Bosworth, M.A. 
Prof. F. M. Bruce, 

M.SC., PH.D., F.R.S.E. 
S. S. Carlisle, M.sc. 


L. Rotherham, D.sc, 
R. W. Sillars, B.A., 


D.PHIL. 
Prof. R. A. Smith, 


A. Carruthers, C.B.E., M.A.,  PH.D., 
B.SC.(ENG.) F.R.S. 

J. F. Coales, 0.B.£., M.A. J. S. Tait, B.SC.(ENG.), 

Prof. M. W. Humphrey PH.D. 


Davies, M.Sc. 
L. Essen, 0.B.E., D.SC., 


FE.R.S. 
H. W. French, H.M.r., 
B.SC. 


Ex_ officio: 


R. H, Tizard, M.A. 

P. E. Trier, M.A. 

P. Vigoureux, 
D.SC.(ENG.) 


the President of the Institution; the 


< 


Chairman of the Programme and Publications — 


Committee; a representative of each local Centre 
that operates a corresponding specialized Section | 


- 


CONTENTS 


PROC. IEE VOLUME 110 1963 


The President’s Inaugural Address. 
C. T. Melling, C.B.E., M.SC.TECH. 


Chairmen’s Addresses: 

Electronics Division. 

J. A. Ratcliffe, C.B.E., M.A., F.R.S. 
Power Division. D. B. Irving, B.sc. 
Science and General Division. D. Taylor, M.sc., PH.D. 
North Lancashire Sub-Centre. 

Lt.-Col. A. B. Whatman, M.B.E., M.A. 
Sheffield Sub-Centre. J. W. Spooner 
North-Eastern Centre. R. Bruce, M.sc. 
East Midland Centre. O. S. Woods 
Western Centre. E. N. Evans 
Rugby Sub-Centre. J. P. Quayle, B.sc. 
South-West Scotland Sub-Centre. W. H. Howard 
North Staifordshire Sub-Centre. H. McCartney 
Tees-Side Sub-Centre. W. Rewcastle, B.Sc. 
North-Western Utilization Section. 

W. J. Outram, M.ENG. 
North Midland Power Section. 

R. H. M. Barkham, B.sc.(ENG.) 
South-Western Sub-Centre. D. Dempster, B.sc., PH.D. 
North-Western Centre. J. C. Jones, M.I.MECH.E. 
West Wales (Swansea) Sub-Centre. W. A. J. Evans 
Mersey and North-Wales Centre. J. A. Mason, C.B.E. 
North Midland Centre. G. N. Patchett, B.sc., PH.D. 


The ultra-sound image camera. 
C. N. Smyth, B.sc.(ENG.), F. Y. Poynton, M.sc., and 
J. F. Sayers 


Temperature and pressure effects in glow-discharge reference 
tubes. F. A. Benson, D.ENG., PH.D., and B. Rigg, B.ENG. 


A wide-band jig for the measurement of the current gain of 
transistors in the frequency range 20-1000 Mc/s. 
_H. G. Bassett, B.SC.(ENG.) 
The derivation of magnetron-output equivalent-circuit constants 
by probe measurements. J. R. G. 1 wisleton, B.sc. 
A tunnel-diode analogue and its application. 
R. S. C. Cobbold, M.sc., and 
H. N. Mahabala, B.sc.,M.sc. 
A very-low-frequency transmission measuring equipment for 
~ 10—-3—102¢/s. P. L. Taylor, M.a. 
Waveguide for long-distance communication. 
+ G. Craven, V. H. Knight and 
A. E. Karbowiak, B.Sc.(ENG.), PH.D. 
Reactive effects in transverse-film bolometers in rectangular 
waveguides. John Brown, D.SC.(ENG.) 
High-frequency radiation pressure and Hall effect in semi- 
conductors. 
Prof. H. E. M. Barlow, PH.D., B.SC.(ENG.), F.R.S. 
A microwave electrostatic wattmeter. 
Prof. H. E. M. Barlow, PH.D., B.SC.(ENG.), F.R.S. 
Discussion 
A note on diffraction theory and polarization. 
J. M. Smith, M.A., PH.D. 
Theoretical characteristics of radiation reflected obliquely 
from a rough conducting surface. 
_. _ R.H. Clarke, 8.sc.(ENG.), PH.D. 
The theory of electromagnetic waves in a simple anisotropic 
medium. P. C. Clemmow 
The resolution of a dipole field into transverse electric and 
transyerse magnetic waves. P. C. Clemmow 


_ An engineering study of the helical aerial. T. S. M. MacLean 


_ A crystal mixer for c. w. radars. 
: H. V. Shurmer, M.sc., PH.D. 


i 


fea u.h.f. technique for producing strong electromagnetic fields of 


known intensity. 
J. A. Lane, M.sc., and J. E. Pearson, B.Sc, 


= A new treatment of the RC parallel-T network. 


K. Posel, PH.D. 


_ PROC. IEE, Vol. 110 


1199 


101 


107 
112 


117 


123 


126 


Notes on the use of matrix theory in the analysis of linear feed- 
back circuits. 
A. G. J. MacFarlane, B.sc. 


The distortion produced when frequency-modulated signals 
pass through certain networks. J. B. Izatt, B.SC., PH.D. 


A short review of read-only memories. D. M. Taub 


Some improved lead alloys for cable sheathing. 
P. Brock, PH.D., and J. McKeown, D.Sc. 
Discussion 


An approach by means of mathematical logic to the switching 
of power-system networks. B. J. Cory, B.SC.(ENG.) 


The application of silicon controlled rectifiers to the control of 
electrical machines. K. G. King, D.F.H. 


Investigation of conductor oscillation on the 275kV crossing 
over the Rivers Severn and Wye. 
D. A. Davis, B.SC.(ENG.), 
D. J. W. Richards, B.sc.(ENG.), and R. A. Scriven, B.Sc. 


Discussion 
Discussion on ‘The shielding of overhead lines against lightning’ 


The transmission of power at high voltages (Fourth Hunter 
Memorial Lecture). F. J. Lane, 0.B.E., M.SC. 


Correspondence 
H. Edels, B.SC.TECH., PH.D., and F. H. Fenlon, B.E. 


Discussion on ‘Effective resistance and reactance of a solid 
cylindrical conductor placed in a semi-closed slot’ 


A note on the electric field of a steady current. 
J. V. Byrne, B.E. 


Major issues in the expansion of university education (Lecture). 
Sir Keith Murray, B.SC., PH.D., B.LITT., M.A. 


Design of waveguide/coaxial transition for the band 
2:5-4:1Ge/s. J. C. Dix, B.sc.(ENG.) 


Some properties of the waveguide Y-circulator. 
F. M. Aitken, and R. McLean 


Circular-waveguide backward-wave structures. 
P. J. B. Clarricoats, B.sc.(ENG.), PH.D. 


A linear theory of 3-pole oscillators. 
J. O. Scanlan, B.£., and J. S. Singleton, B.sc. 


The analytical equivalence of TEM-mode directional couplers 
and transmission-line stepped-impedance filters. 
Leo Young, M.A., M.S., DR.ENG. 


Generation of filter functions from a given model. 
J. Zdunek, DIPL.-ING. 


General design of ladder networks with arbitrarily distributed 
uniform losses between coils and capacitors. 
J. Zdunek, DIPL.-ING. 


The admittance of very long cylindrical antennae. 
Keigo Ilzuka, pH.D., Ronold W. P. King, Ph.D., and 
Sheila Prasad, PH.D. 


Guided complex waves. Part 1. Fields at an interface. 
T. Tamir, PH.D., and Prof. A. A. Oliner, PH.D. 


Guided complex waves. Part 2. Relation to radiation 
patterns. 


T. Tamir, pH.D., and Prof. A. A. Oliner, PH.D. 
A design for resistors of calculable a.c./d.c. resistance ratio. 
D. L. H. Gibbings, B.E., B.SC., PH.D. 


The overall noise figures of diode parametric amplifier systems. 
C. S. Aitchison, B.sc., B. L. Humphreys, B.sc., and 
E. L. Neufeld, B.sc., PH.D. 


Operation of the junction transistor as a fast low-level switch. 
T. C. Verster, M.sc., and A. R. BOOTHROYD, PH.D. 


A two-channel method for compressing the bandwidth of 
television signals. M. P. Beddoes 


The design of wide-band transistor feedback amplifiers. 
_E, M. Cherry, M.sc., PH.D., and D. E. Hoopsr, M.£. 


The evaluation of the frequency spectrum of a waveform. 
D. Q. Mayne, M.SCc.(ENG.) 


Correspondence 
R. E. Spinney. 


Electric traction (Progress Review). J. W. Grieve, B.SC. 


Transients in distance protection. 
P. Mathews, B.A., and B. D. Nellist, PH.D., M.SC.TECH. 


Effect of inductance on the measurement of winding tem- 
perature in electric plant. O. J. Tassicker, M.E.E. 


High-voltage power-transformer insulation. E. T. Norris 
Discussion 


An a.c. double bridge with inductively coupled ratio arms for 
precision platinum-resistance thermometry. 
J. J. Hill, B.sc., and A. P. Miller 


Discussion 


Effects of saturation on the core loss of thin ferromagnetic 
plates subjected to alternating flux. 
N. Kesavamurthy, M.A., B.E., M.SC.(TECH.), 
P. K. Rajagopalan, B.E., M.S., PH.D., and 
V. Subba Rao, B.TECH., M.TECH., PH.D. 


A proposed fast-wave photo-electric laser mixer for millimetre- 
wave generation. 
Prof. A. L. Cullen, 0.B.E., PH.D., B.SC. 


The discriminating properties of the synchronized oscillator. 
R. Spence, PH.D., and A. R. Boothroyd, PH.D. - 


Correlation recognition of a redundant 5-unit telegraph code. 
A. M. ROSIE, M.SC., PH.D. 


The estimation of aerial radiation patterns from limited 
near-field measurements. E. V. Jull, B.sc., PH.D. 


Some properties of Van Atta arrays and the use of 2-way 
amplification in the delay paths. 
D. E. N. Davies, M.SC., PH.D. 


The effect of the collector field on common-emitter current 
gain in diffused-base transistors. 
P. E. Krebs, B.A., and J. R. A. Beale, M.A. 


Correspondence 
R. E. Spinney. 


Layer-type transformer-winding cooling factors derived from 
analogue solution of the governing equations. 
P. H. G. Allen, PH.D., B.SC.(ENG.), and 
D. J. Allan, B.Sc.(ENG.) 


The dynamic behaviour of a transformer winding under axial 
short-circuit forces. 
A. B. Madin, B.ENG., and J. D. Whitaker, B.ENG. 


Discussion 
A mathematical treatment of the dynamic behaviour of a 


power-transformer winding under axial short-circuit 
forces. G. B. Watts, B.SC. 


Magnet power supply for the 7 GeV proton synchrotron Nimrod. 
Part 1. General. 
P. Bowles, M.sc., H. Hadley, M. J. Marchbanks, B.sc., 
and J. J. Wilkins, B.sc. 
Part 2. Rotating machines. 
J. A. Fox, D. G. Taylor, B.sc.(ENG.), and 
R. Wilson, B.Sc. 


Part 3. Mercury-arce convertors. 
K. Rollig and H. Hédle 


Discussion 


Design and construction of the cross-Channel d.c. inter- 
connector. 
H. Caillez, W. Casson, P. Laurent, and 
H. R. Schofield 


Discussion 


The development and performance of a self-optimizing system. 
J. L. Douce, M.sc., PH.D., and A. D. Bond, B.sc., PH.D. 


Flux linkage between two solenoidal tape windings. 
A. B. Clare, B.sc. 


Non-linear diffusion of minority carriers. S. Amer, PH.D. 


High-frequency silicon-controlled-rectifier sinusoidal inverter. 
R. Thompson 


Determination of the electrical characteristics of Hall plates. 
J. P. Newsome, PH.D. 


cf 


390 


396 
397 


407 


419 
428 
1791 


453 
1503 


459 


475 


481 


493 


501 


507 


513 


521 


523 


535 
1688 


551 


561 


573 


591 
2233 


603 
1490 


619 


631 
641 


647 


653 


Absolute calibration of a class of torque-operated microwave 
wattmeters incorporating resistive elements. 
Prof. A. L. Cullen, 0.B.E., PH.D., B.SC. 


Gyromagnetic resonance graphical design data. 
P. Hlawiczka, B.SC.(ENG.), B.SC., and 
A. R. Mortis, M.A. 


Simulation of rational transfer functions with adjustable — 


coefficients. R. J. A. Paul, B.SC.(ENG.) 


Distribution of information in stop consonants. 
Prof. R. W. Guelke, Ph.D., and 
E, D. Smith, B.sc., PH.D. 


Discussion on ‘Unstable electron flow in a diode’ 
Correspondence 


J. C. Hopkins, B.sc. 
J. H. Roberts, B.sc. 


Turbo-type generators (Progress Review). W. D. Horsley 


General-purpose turbo-alternator model. 
G. Shackshaft, B.ENG., PH.D. 


Discussion 
Rectifiers and rectifier applications (Progress Review). 
J. C. Read, p.sc. 


New transductor-type d.c. transformer particularly applicable 
to h.y.d.c. systems. 
Colin Adamson, D.SC., M.SC.(ENG.), and 
N. G. Hingorani, PH.D., M.SC.TECH. 


Effects of tensile stress on the magnetic properties of grain- 
oriented silicon-iron laminations. 
Prof. F. Brailsford, PH.D., B.SC.(ENG.), and 
Z. H. M. Abu-Eid, PH.D., B.SC.(ENG.) 


Testing of mechanical joints in aluminium conductors for 
insulated cables. L. Roullier 


Discussion 


Mathematics as an educational discipline for the engineer. 
P. L. Taylor, M.A. 


Discussion 


Large-scale thermionic power generation from fossil fuels. | 


C. V. Barnett, B.sc., D. C. Gore, B.SC.(ENG.), 
R. V. Harrowell, B.sc., and J. K. Wright, M.A. 


Discussion 
The vacuum switch. Part 1. Properties of the vacuum arc. 
M. P. Reece, B.SC.(ENG.), PH.D.(ENG.) 


The vacuum switch. Part 2. Extinction of an a.c. vacuum arc. 
M. P. Reece, B.SC.(ENG.) PH.D.(ENG.) 


Discussion on above two papers 


Analogue investigation of the stability of a graphite power 
reactor. 
V. R. Sastry, B.E., M.SC.(ENG.), and 
J. W. Lynn, M.SC., PH.D. 


Discussion 

Discussion on ‘Choosing transformer ratio-arm bridges’ 

Small-signal responses realizable from d.c.-biased. devices. 
J. D. Brownlie, B.Sc.(ENG.) 

Envelope stability of low-frequency transistor oscillators. 
J. G. Ternan, B.E.E. 


The conductivity of oxide cathodes. Part 16. Thermodynamic 
considerations of matrix stability. 
G. H. Metson, M.C., D.SC., PH.D., M.SC., B.SC.(ENG.) 


Over-moded rectangular waveguide for high-power trans- 


mission. 

J. S. Butterworth, M.ENG., 

Prof. A. L. Cullen, 0.B.£., PH.D., B.SC., and 
P. N. Robson, B.A. 


A yariational integral for the propagation coefficient of a 
cylindrical waveguide with imperfectly conducting walls. 
P. N. Robson, B.A. 


Measurement of power by absorption of the angular momentum 
of a circularly polarized wave. 
Prof. H. E. M. Barlow, PH.D., B.SC.(ENG.) 


Analysis of four-port circulators using non-reciprocal phase 
shifters and directional couplers. 
P. R. Mason, B.SC., M.SC. 


Distribution of current on cylindrical radiating dipoles. 
W. Wharton 


1739 


751 


758 
2009 


775 
2301 
785 
2298 
793 


803 
2101 


812 
1705 
820 


823 
830 


845 


848 


859 


865 


869 
881 


PROC. IEE, Vol. 110 


